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INTROPUGTIOM 


She Goat ( Capra hircus Lino.) has been celled as the 
"poor man's cov" and truly so It torma an essential compo¬ 
nent in the economy of the Indian agriculturist. So an 
Indian farmer and villager* the goat is a constant coo^anion 
and benefits him in many ways. Besides providing for the 
much needed source of animal proteins by way of mills and meat 
in the very low nutritional level of the diet in this country* 
the goat also provides a good supply of skin for varied pur¬ 
poses* mohair for its softness and warmth* and augments the 
organic manure supply for the much depleted soil. 

She Indian Livestock Census of 1961 places the goat 
population in this country at 57 million* with Rajasthan 
having the largest population* followed by Maharashtra* Bihar 
and Uttar Pradesh. India stands fourth in the world's popu¬ 
lation of goats. 

Goat meat comprises 36 ^ of the total meat supply in this 
country. About 17 million of the goats are utilised annually 
for its meat* which is estimated to be 0,15 million tons 
(Nanporla, 1962-63). 

There are six to eight breeds of the domestic goat in 
India. These are Beetal* Bikaneri* Konor* Bar-Barl* Barari* 
Marwarl* Kathiawarl and Jamnapari* She last breed is estima¬ 
ted to yield on an average nearly 272 kgs* of milk per 
lactation of about 250 days* •Some selected goats Id Punjab 
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and Uttar Pradesh are known to yield 2*7 * 3 legs of milk 
per day. 

About 21,3 million hides and skin from goats valued at 
Rupees 75 million are produced annually in this country and 
out of this Rupees 37*2 million is earned in foreign exchange 
by way of exports (Nanporla, 1962-63), 

In India the maintenance and rearing of goats is very 
simple and does not entail heavy expenditure in as much as 
the goats are allowed to forage for themselves, Uoats can 
maintain themselves on any rough herbage including plants 
which contain high percentage of tannic acids. 

In spite of all the benefits accruing to the Indian 
farmer from the goats, very little is knovtt or done for 
their better upkeep and protection from diseases. Nothing 
similar to the active and progressive British Uoat Society 
exists in this country. 

Very little is known about the occurrence and impor¬ 
tance of protozoal infections amongst goats in India and 
this problem has not received any adequate attention, 

Ray (1943» 1949) in recording the incidence of coocidial 
infections, enumerates and emphasizes on the importance of 
protozoal Infections affecting sheep and goats in India. 
According to him, cocoidlosis is a very important disease 
affecting lambs and kids and often causes death. R, nrloin^si 
(Marotel, 1903)> Martin, 1909» causes 20-30^ mortality in 
lambs and kids and this may gs even upto (Hay, 1949)* 
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Ray (I949)t however, has pointed out the utter lach of 
Information with regard to protozoal infections in sheep 
and goats and suggested collection of data pertaining to 
incidence of coccidla and coccidloais, determination of 
species involved, seasonal incidence and ecological factors 
controlling it and the breed susceptibility to coocidioais, 
Manjrekar (1954)» Rao & Hiregaudar (1953-54)» and Gill 
& Katiyar (1961) surveyed the incidence of coccidla In sheep 
and goats and their role in causing coccidiosls, ”Gocoidial 
dysentery" or "Red dysentery". 

It is quite evident that coccidiosls could be a serious 
hazard to raising of lambs and kids. She disease could run 
a course of acute, subacute, chronic, or latent infection 
and various factors, such as physiological, climatological 
or biological, determine the degree of morbidity or mortality. 
The species of Bimeria Schneider, 1875i are generally 
believed to be host lapeoiflc though in the closely related 
sheep and goats hosts, this feature may not be evident* 
Species of Bimeria in sheep are usually considered to be 
infective to goats and vice versa. There are, however, no 
records of successful oroes^transmission studies In goats. 
There is thus a necessity to determine the relationship of 
the ovine and caprine forms of ooocidla, 

l^ambs and kids show retardation of growth, lose weight, 
the quality of wool goes down, there is decreased lactation, 
and there is a general loss of the economically useful 




products and by-products, Foster (1949) estimates the 
annual loss due to coccidlosls In sheep of U*S,A. at 1,3 
million dollars. 

In the gastro-lntestinal tract of sheep and goats> 
there Is mention of another protozoan parasitey viz, 

Globidlum Flesch, 1883 whose incidence has also been recor¬ 
ded In this country* Very little is known regarding this 
parasite and Its taxonomic position has undergone frequent 
changes. Richardson «!b Kendall (1963) place it amongst the 
unclassified protozoan parasites. 

The present work was undertaken to survey the Incidenoe 
of some protozoan parasites In the gastro-Intestinal tract 
of goats. This opportunity has been availed to do a detailed 
study and make a blometrlcaX analysis of the different 
species of Fimerla in goatS) to study the host specificity 
of one or more of the Elmerla species by erosa-transmlasion 
work and study the incidenoe^ morphology and histochemistry 
Grlobidium species. At tenets have been made to study the 
host specificity of faurel (Moussu & Marotel, 1902) Martin 
1909» and B, ninakohlyaklmovae Yakimoff & Rastegaieff, 1930 
in the caprine and ovine hosts. Cross-transmission e3q)erl- 
ments were set up with aporulated oocysts derived from goat 
and fed to young lambs. 




RBVIBW OB LIUBRAOJURB 




REVIEW OF LITERATURE 


Elmerla Schneider, 1875 

Morphology and taxonomy t 

She parasites described under the genus Elmerla are 
qoccldla characterised by ripe oocysts haylug four eporo- 
cysts with two sporozoites in each. Variations In the size, 
shape, colour and nature of the oocyst wall, the sporulatlon 
time, the presence or absence of oocyst residuum, sporocyst 
residuum, stelda body and polar cap and the nature of the 
mlcropyle. In addition to host specificity and other biolo¬ 
gical features, are taken into consideration in differentia¬ 
ting the various epecles of El marl a . I»evine (1961) ooiiq;»utes 
the number of morphological variations which are possible In 
a permutation and combination of the above characters at 
2,654,208. 

Credit for discovering coccldlal parasites should 
probably go to Leeuwenhoek (1674) is evident from his 
unpublished letters (Eobell, 1922). !Phe first published and 
recognisable account of coccldlal oocysts was by Carswell 
(1838) and Hake (1839). Both workers, however, gave wrong 
interpretation of what they saw. Later on, Kloss (1855), 
Elmer (1870), Schneider (1875), Schaudlnn & Stedleoki (1897) 
Sledleckl (1898a, 1898b, 1898o, 1899) and Schaudlnn (1900) 
gave descriptions of the various stages and the life cycle 
Bimerla species and other related genera. She different 
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geaeac*a which were proposed and subsequently relegated aa 
synonyms of Blmeria arei 

Sregarina Elmer, 1870 
CytoBoermlum Revolta, 1878 
Peoroaoermlum Rivolta, 1878 
Cocoldlum I*euchart, 1879 
Ortho so ora Schneider, 1881 
Karyoohagus Stelnhaua, 1889 
Cytoohagus Stelnhaas, 1891 
Apystls Itabbe. 1894 
Pfelfferla Labbe, 1894 
Bananella Labbe, 1895 
Ctousala Labbe, 1896 
Crystallospora Labbe, 1896 
Pfelfferella Labbe. 1899 
Paraooecldlum Laveran & Meenll, 1902 
Jarrlna Leger & Hesse, 1922 

A Chech list of the valid species in the genus Elmerla 
has been compiled by different worhers from time to time 
(Levine & Bechar, 1953| Becker, 1954? Hardcastle, 1943? Btcher 
1956? Orlov, 1956? Pollerdy, 1956), fiimeria species generally 
show a high degree of host specificity and this Is reflected 
In the very large number of species which are on record. 
Pellerdy (1936) enumerates 393 valid species and a feUt iiK>re 
whose validity is doubtful. 

In sheep and goats single or several mixed infections 
of Elmer la species have been described. Rivolta (1874) %ias 
the first person to record coccidial parasite in an ovine 
host. Subsequently, Leuohart (1879)> Curtice (I892)t Stiles 
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(1892)» Maske (1895)i Mocard (1893>, Labbe (1899) aad 
MaoFadydan (1896) described the coocldial parasites In 
sheep under various names and most of these workers also 
drew attention to the pathology and pathogenesis of ihe 
Infections. 

Mazzantl (1900) was probably the first person, >idio 
gave the measurements of oocysts recovered from sheep In 
Italy. These oocysts have been sub6eq.uently shown to be 
those of S. faurel (Moussu & Marotel, 1902), Martin, 1909 
(laklmoff, Qalouso, Kaategaleff, Mlzketvltsch & Tclstoff, 

1926j Thomson & Hall, 1931). !Elius, B. faurel was the first 
species to be described from an ovine host* Though It was 
first recorded in sheep, it has subseq.uontly been described 
from the goats by various workers In different parts of the 
world. The detailed description of the oocysts of E, faurel 
(* Coocldium faurel ) was given for the first time by Moussu 
& Marotel (1901, 1902) who also described its pathology and 
recorded observations similar to those of Curtice (1892), 
Stiles (1692), KacFadyean (1896) and Mazzantl (1900). 

The first species to be recorded from goats was 
B. arloingl (Marotel, 1905), Martin, 1909. SubBeq,uently 
this species has also been described from sheep and is now 
known to have world*vide distribution. 

Many of the earlier work^ers had assumed that B. arloingt 
occurs in goats only while 1. faurel is restricted to the 
sheep host. Baloset (1932a, 1932b, 1932o), from a detailed 




reylAw of these two species in sheep and goats, came to 
the-conclueIon that E. faurel and E, arlotngt occur in 
both caprine and ovine hosts. Melikian (1955) and Orlov 
(1956) considered B. faurei to be a synonym of B. arloinai 
but this has not been accepted by the majority of workers 
(Booker, 19341 Christensen, 1938j Lptse, 19531 Rysayy, 19541 
Pellerdy, 1956i Krilov, 1961| Levine, 1961* and Richardson 
& Kendall, 1963). There are reports of failure in cross- 
transmission of S. arloingj and B, faurei from goat and sheep 
to sheep and goat respectively (Balomet, 1932ai Krilov, 1961) 
and this gives sufficient Justification for regarding 
arloingj and B, faurei as valid species. 

RudovBky (1922) described a new species of Bjmeria in 
sheep and goats, vis*, B, lonaianora and this has been inclu¬ 
ded as a vslid species in the check list of Hardoastle (1943) 
and Pellerdy (1956), though measurements of the oocysts and 
other details are not available. No subsequent worker has 
described E, longisoora and Brshov (1956), Levine (1961) and 
Richardson & Kendall (1963) have not referred to this species 
in their books, 

Spiegl (1925), in Germany, recorded a new species, 

!• intrioata in sheep and gave the measurements of the 
oocysts as 42.0-50,4 x 30.6-36.0^. Bheather (1926), in 
England, described a new species in sheep, though he did 
not name it. Brom the descriptions available, this parasite 
is evidently B. Intrlpata Bplegl, 1925^ Subsequently, this 




species has heen recorded from America, Huagary, India and 
Russia (Kotlan, Mocsy & Vajda, ^^29i Ttakimoff, et al. ,1926; 
Benhrooki 1953} Re^yi 1949} Rao & Hiregaudar, 1953-54). The 
above mentioned records of E. intrioata in America, England, 
Hungary, Gfrmany and Russia are from ovine host only but the 
reports from India mention both ovine and caprine hosts, 

B, parva Kotlan, Moosy & Vajda, 1929# was the fourth 
new species to be described in sheep, Hubseciuently this 
has been recorded from sheep and goats in various parts of 
the world• 

The fifth species of Blmeria to be discovered in 
goats was E« nlnalcohlyakimovae Yakinoff & Rastegaieff, 

1950 (» B, ninae-kohl-yakimovae)♦ This is now known to hays 
cosmopolitan distribution. 

Yakimoff & Rastegaieff (1930a) described B. galouzot 
as a new species from goats in Russia, This has sub8eq.ueatly 
been relegated to the synonymy of B. parva and ninakohl - 
vakimovae in parts (Hardoastle, 1943» Rellerdy, 1956} 

Levine, 1961), though the Russian workers still regard 
B. galouzot as a valid species, 

Yakimoff (1931) described a new species, E. aemula 
from sheep in Russia, but subsequent workers have relega¬ 
ted It to the synonymy of B« arlolngi (Reoker, 1954} 
Hardoastle, 1943} Pellerdy# 1956} Richardson & KpndslX# 

1963). Levine (1961), however# synonymlses B. aemula with 
faurei . Brshov (1936) considers E. aemula as valid. 
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Levine & Becker (1955) described 220 apeoles under 
the genus Bimerla from 185 species of hosts and out of 
this 60 species were tuaiuoalian hoste^ Bedker (1954) 
enumerated five valid species in sheep and goats* 

fhe sixth valid species to be recorded from the sheep 
Ovta arkhar and other related species was B* arkfearl 
takimoff & Matschoulsky* 1957* 

Christensen (1958) described two new species B*jsyapur 
loaa and B. nallida which he found in the faeces of sheep. 

B. pallida is described to differ from other species in the 
colour of the oocyst. B, granuloe_a n. s.p. is characterised 
by prominent shoulders at the mloropyler end* Ohrletenseo 
(1938) follows Balozet (1932a) in accepting only five species 
ot Simeria in sheep and goats, in addition to the two new 
species described by him. B. pallida Ohristensent 1938» 
undergone frequent revision by other workers some of whom 
regard It as a valid species (Hardoastle, 19431 Levine, 

1961 1 Richardson A Kendall, 1963) while others relegate it 
to the sjfnonysy of B. parya (Pellerdy, 1936). 

Honess (1942) described two new epecies in the Rooky 
Mountain bighorn sheep. These are B, a)isata, (« B. ah-sa-ta) 
n. sp, and B. erandallis n, sp. Morgan A Hawkins (1952) 
and Lotae (1953) have questioned the validity of B* ahsaja 
which is akin to the arloln/d. type of oocysts in sheep 
and goats. Smith, Davis A Bowman (1960), Lsvtns (1961) and 




lievtne, IvenOf Smith & Davis (1962) have» housver* indioatsd 
its dlstinetaese from the other speoles. S, oracidallis 
Ronesst 1942» has been coasldered as a valid species 
(Hardoastle, 19431 l^ollerdyt 1956; Levine, 1961 and Riohard* 
son & Rendall, 1963)* 

Hardoastle (1943) has provided a check list of the 
Blmeria speoles known upto his time and Hated the following 
as valid species from sheep and goats* These arei S* afasata* 
1* arkharl * S. arlolngl i B. crandalli e « E. faurei * B* feraauloaa 
B, longlsnora * E. nlnakohlvaklmovae and B, pallida * 

Landers (1952) described another new species in domes¬ 
tic sheep as B» honeasl * which was, however, amended as 
!• panctata Lander 1955 to conform to the nomenoiatorial 
rules* This apeoles Is distinguished by Its alee, presence 
of polar cap over a oonspleuovts mlcropyle and cone-shaped 
pits on the outer surface of the oocyst wall* 

Ray (1952) recorded B* hawkenal n*ap* in sheep at 
Mukteswar-Kumaon, India. This new speoles was characterised 
by its alee, the triangular polar cap, which appeara to 
originate from the endocystic wall, and the very small 
mlcropyle opening. Strangely enough this species has 
mot been reviewed by Rellerdy (1956) in his check Hat and 
Levine (l961) and Richardson & Kendall (1963) have not 
mentioned about this species* Relehenow (1953) created 
two subgenera in the genus Blmeria * These are Blmeria s.itr* 
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and Blmerla ( CHoteidiun ). Pellerdy (1956) recogaiaad 10 
species of Blmerla a. atr. la sheep and goats and theae 
aret £• ahsata . B* arkharl > S* arloiaal. B« orandallle . 

B, faurel « E. aranulosa ^ B« latrieata * B« nlnakohlyaklwo vat * 

M* 2S£XS.* 1* punctata , and B, pallida was synonymlasd with 
£• parva . Pellerdy (1956) followed Relohenow (1953) ana 
relegated SloMdlun Bleach^ 1883 as a aubgenus of Blmerla . 

lierlnef I vena d Brltz (1962) have recently described 
chrlatenseal n.ap. from the faeces of a kid* The oooyata 
were ovoid and measured 34-41 x 23-28^ with an average of 
38 X 25yU. The mloropyle has a prominent mound shaped cap 
and the aporulated oooyata have sporocyat residuum but not 
oocyst reelduum. 

Levine (1961) recognised 11 valid species In sheep 
and goats* These are B* ^sata . B, arlolnal . B* erandallle . 

S* faurel . B, gllruthl (* Olcbidlum allruthl )* B, granulosa . 

B, Intricata . B. alnakohlvaklmovae . B, pallida * B. parva and 
punctata * Richardson d Kendall (1963) recognised more or 
less the same number of species as Levine (1961) eroept for 
1* gllruthi (« Blobldlum gilruthl ) which has not been Included 
under the genus Blmerla . 

Prevalence and dietrlhutiom t 

The Incidence of Blmerla species In goats has besn 
recorded by many workers from different parts of the world 
but unfortunately It le not always clear from the literature 




if the iacldeace Is froa both the caprine and ovine hosts 
or from one of them only. Many vorhers have generally 
assumed that the same species may affect, both sheep and 
goats. This, however, remains to be proved for all apecies 
df Bimerta in sheep and goats. 

5* arloinai was recorded in goats for the first time 
in France (Marotel, I 905 ), Balfour (1910) described two 
oases of coccidiosla in goats which accompanied him on the 
expedition to the White Nile but the species involved were 
not determined, Stevenson (1911) observed several cases of 
goat ooocldiosis In Anglo**Bgyptian Sudan and subsequently 
the reports of the Veterinary Services indicate high inoi** 
dance and appreciable mortality in young kids. Velu (1919) 
in Morrooo reported coocidiosis in goats caused by B. agloingl 
and the mortality rate was 25^ in young suckling kids. 
Curaason (1921) reported cocoidloala in goats of Sudan and 
Senegal of the erstwhile French West Africa and the mortality 
rate was nearly 84^* 

Soheln (1921) described B, arloinal in goats of 
French Xndo<^Chlaa. Holler, Schur;Johann ds Vorbrodt (1922) 
\dAlle describing ooccldlosis in sheep and goats, brought 
forth evidence to show that B. arloinai was the causative 
organism in both hosts, they compared the schlsonts and 
oocysts in sheep with those from the goat and found the 
respective stages similar, hotme (19!!^?)t however, questioned 
the observations of Holler aj^« <1922} and showed that the 
schlsonts dsserlbed by them did not bsXong to ^lotnkl . 
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Moller (1923) reported B, faurei from goata in the 
Berlin Zoological aarden* Reitsma (1923) encountered a 
mortality of 25J6 In the goats of Holland, laklmoff (1930) 
described B. arlolngl . ^ ninakohlyaklmovae and galousol 
from goats In the Borth Caucasia region of Russia, Baiozet 
(1932a, 1932b) found 56jt of goats infected with B, arlolngl, 

2fi with B, fauret . 345l with B. ninalcohlyaklmovae and 22^ 
with B, parva in funlsla. Baloset (1932a, 1932b) considered 
all the five spooles, via., B. arlolngl . B. nlnakohlyaktmovae . 

faurei , B, oarva and B. salousol to be oonnon to kheep 
and goats, 

Roglck (1938) found 100J6 of adult goats In Sao Baulo 
to be harbouring B. axloinal though the Infection was mild 
and did not cause any morbidity or mortality, van Volkenburg 
(1938) has indicated In his check list that only B. faurei , 

B, arlolngl . and B, ninakohlyaklmovas were found in the 
goats of Puerto Rico. 

Jacobs (1943) la describing the Incidence of caprine 
oocoldlosis In Germany found I 89 C goats Infsoted with 
B. arlolngl and B* faursl and 9^ with B* carYfa . 

Hay ( 1943 ) recorded B, arlolngl and B, faurei in the 
sheep and goats cf Xndla and suhesquently (Hay, 1949) also 
added B. ttlnakohlyakimovae and B« intrloata to the list# 

Hay (1949)f howeyer, did net Indicate the incidence of 
these parasites in the caprine and ovine hosts separately. 
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Diknana (19«) la «»• eh*-* 
enumarated B, arlolagt. , B. ^n-^rloa1|a^ !• grwulpa *. 

B. -°n<da. B. yarva . B. Bi«aBol>lyak1iao.iaa and B. Mjaa^ 
to bo presoot In aheop and goato. Morgan t Hawltlna (1952) 
added B. laurel and B. orandaUta to tbe chaolt Hat of 

Diknaas (1945)* 

Sharma (1951-52) recorded B. arloinal> B* fajirel, 

B. grattttlosa . B. ntnayohlvakinovae, ^ S- ESSSi 

Itt goato of Buojab, while Rao & Hlregaudar (1953-54) found, 
in addition, B. Intrigata In the Bombay State, Rao & 
Hiregaudar (1953-54), however, have not Indicated the inol- 
denoe of these species in sheep and goats respectively, 

Molikian (1955) found 34-100^ of goats infected with 
Bimerla species In the Armenian Republic of USSR. Brshov 
(l956) recognised only B, faurej., B, aylpiit^gi , B, ♦ 

B. parva . B, n^ pakohlvakimovae , B. galpu . a j ^ and B* aeSSia 
as valid species in sheep and goats of Russia, Of these, 

B. arloingj was found to be the most pathogenio to goats, 
Krilov (1961) added B, a^sata to tie list of Brshov (1956), 
Svanbasv (1957), vdille surveying goat ooocldia in Western 
Kaaakhstan, found B. arloingi in 52%, B. fapr . a i in 40%, 

B. w i pftWnih\vakinovae in 40% and B, ^Caurel^ in 31% ®f '^he 
goats. In addition to these, B, gal,pusal was also preaent. 

In addition to the above mentioned records of the 
incidence and intensity of infection witi Blpp^la sp, in 
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goatB, the following oountrles aud regions have also 
recorded ooccldlosls In gnats. Ihese are. Argentina 
(Ruppert, Rottgardt & Seasso, 1925). Austria (Rudovshy. 

1922), Belgian Congo (Deoft & Mortelmans, 1956), Brasil 
(Pacheo & Benha, 1929| Roglck, 1959, lorres, 1958, Torres 
4 Ildefonso Raaoe, 1938), Csechoelovakla (Rysavy, 1954), 
yranoe (Martin, 1912), Geraany (Martin, 1907, Rarsten, 1913* 
Bauseweln. 1921, Holler & Otten, 1921, Holler, 1923, 1924, 
aohurjohann. 1923, 8ch«ldt. 1924). Holland (Hlesohuls 1924a. 
t924h), India (Baldrey, 1906, Man^rekar, 1954, Gill & 
Ratlyar, 1961), Russia (Zion & Schtsohenlkoff, 1923, 
yaklnoff, 1927, 1930, taklmoff & Rastelgaelff. 1950a, 1930b, 
Shlyanov, 1954, Paldhuk, falgankoy * Zavadskaya, 1962), 
Sardinia (Delana aad Delltala, 1954). Swltserland (Vogt, 
1930), South Africa (faathaa, 1919, 1923), Oraguay 
(Oarballo Pou, Viera, Calsada & Rodrigues Garola, 1938) 
aad Venesueia (Mayadudon & Ayala Dopes, 1959-60). 

ppft^ifloltv and oro as transalBalc.ia,i 
A review of the literature reveals the atteapts which 
hav. b..B «a. to d.t.r«lo. the d.gr.. wid »o«. of ho.t 
speolflotty In Bfrla .pool... Bruq. (1921) 
the .trong host ppsolflolty of liSEEift 

fallar. to inf.ot .h..p slth oodysts oW>stn.d fisa data, 
tadddd. BidDdO (192*) dodOddddd tn lofdotlBg hrdw ratd 
slth 1, aiyairil Ohira, 1912 taltda froa-hladk Jtat aad 
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vlo© verea. Henry (1951) aucoeoded In eatatellslilng the 
tranemlsalon of Bliaerla epeotea I®,, ten ell a (Railltet & 
Buoet, 1891) Fantharo* 1909| B. aoerYUltna Tyzaer, 1929 
and B. ml tie Tyaaer, 19293 from the doeeatlo fowl to 
turkeys. Ihese observations show that Blmerla species In 
closely related hosts does not exhibit a high degree of 
host specificity. In distantly related hosts or dissimilar 
hostst the ooocldlal parasites show a high degree of host 
specificity (Oalll*-Val6rlo» 1918| Hall ft Wlgdory 1918| 
Bruce, 1921| Andrews, 1927 and Becker, 1953)# In analysing 
the causes, Andrews (1927) suggested that the digestive 
juices in unnatural host or hoste does not faoilitate the 
exoystatlon of sporulated oocysts. 

Corouff (1928) has cited the attempts of many workers 
who failed to establish B. faurei from sheep In goats and 
arlolngl from goats In sheep. Baloset (1932o) failed In 
transmitting B. nlnakohlyaklmovae from oaprtne to ovine 
hosts. .Beoker (1954> attributed these failures to unknown 
causes though Balozet (1932c) considered the failure in 
cross transmission to 'be due to the advanced age of the 
lambs used, 

Krilov (1961) set up cross transmission experiments 
1# arlolngl from sheep ,tc goat and vice versa. He 
did not succeed In establishing clear out Infections in 
goats of 3 to 24 months age ^en even 100,000 sporulated 
oocysts of 1* arlotagl from sheep were used nor when 




- 18 - 


Xaml»s, 1.5 motitha old, wore lafected wltla. 210,000 oooy«ts 
of S* arlolngl from goats, Krilov (1961) similarly failed 
to transmit ahsata from sheep to goat and from these 
experiments he concluded that the forms of Blmerlji In sheep 
and goats are Xenodemes or biological races. Krilov (1961) 
named the ovine form as B, arlolngl forsft Krilov's 

(1961) work, however, Is subject to some orltloism In as 
much as it Is not known whether the experimental animals 
used had picked up prior natural Infection and hence deve-* 
loped immunity. 

I 

anorulatiphi. 

One of the eharacterlsties utilised In describing 
oocysts of Blmerla Is the time req.ulred for eporulatlon 
under ordinary room temperature conditions, fhe sporu- 
latlon time for B. arlolngl has been variously given as 
1-2 days (Ohrlstensen, 1958). 2-3 days (Morgan H Eawklns, 
195S)r 3-4 days (Baloaet, 1932a)» 3 days (lerchs, 19S1j 
Bscker, 1954) and 4 days (Brshov, 1956); for E. 

1-2 days (Ohrlstensen, 1938) and 5-4 days (Baloaet, 1932®! 

Becker, 1934| Brshov, 1956) for B. 

1—2 days (OhrlstenSSn, 1938)* 7 days (Beaker, 1934} 
Brshov, 1956), 7-8 daya (Baloset, 1932a)|» for B. 

W days (Christensen, 1938), T days (Becker, 1934} 
Brshov, 1956), 7-8 days (Balomet, 19325} for S* 

3-5 days (Christensen, 1958} !S»evlns, 1961), 9 dsys 
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(Sheatber, 1926j Beoker, 1954* Brbhov, 1956)} for E. aemula 
3-4 days (Ershov, 1956)} for B. ESlllda. 1 day (Ohrlsiensen. 
1958} I»evln«, 1961)} for B, tmaotata, 1i-2 days (Baaders,1952)} 
for 1. pratiulosa and B. galougol , 3-4 days (Ershov, 1956* 
Christensen, 1938), 4-8 days (Levine, 1961) and for B. ha^^ j ^ 
10 hours at 37®0 (Bay, 1952). *he sporulatlon time for 

flhrlstanaenl « E« ahsata t B» or aft dal3> 1 &, and 

B. arkhari are not avallahie In the literature. 
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fllQbtditttt yieschf 1885 

ms protosoaa parasite vaa for the first time recorded 
from the small Intestine of a horse (®aiiua qabal l ug . I*tnn.) In 
Germany and designated as Glpb.mai Fleseh. 1885- 

Subsequently, this genus has been reported from several vUd 
and domesticated animals In different parts of the world, as 
cutaneous, subeutaneous, abomasal or Intestinal parasites. 

®he taxonomic status of the cutaneous form of the parasite 
has undergone frequent changes and the general tendency now 
is to relegate It to another genus, via., Besnol t i a Franco & 
Borges, 1916 (Babudleri, 1932* Bnlgk, 1934? Relohnow, 1953? 
Fols, 1960). fhe validity of Beanoltla was established by 

Jelllson <1956) and Frenkel (1953)* 

The Intestinal form of Globidluii parasite has been 

reported In equlnes (FXesdh 1883* 1884; Henry A Hasson, 

1922; Hobmaler, 1922; Kupke, 1923? Haves, 1925; Relohnow, 
1940;.Hemmart-Halswlok, 1943; Hlregfiudar, 1956); la cattle 
(Balfour, 1910; Montgomery 1910; Muller, 1914; Van Hederveen, 
1922; Fillers, 1928; Hasan, 1935>1 la camel (Henry & Masson, 
1932; Hnl^, 1934; Havllle, 1936, Abdussalam & Rauf, 1958); 
In Kangaroo (Blanchard, 1885, Ollruth & Bull, 1912); In 
wombatt (Gllruth d Bull, 1912); In wallaby (Gllruth A Bull, 
1912; Wenyon ^ Soott, 1925; frlf^lt, 1926a; Acton, cited by 
Knowles, 1928); In ariadlUo (da Ounha a Munis, 1928; 
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da Cunba d Torres, 1924* 1926); In snakes (Guyenot, 

Havllle d Ponse, 1922; Harranij d Oaaal, 1934) and the 
doubtful records In Qohlus mtnutus and AnoaloBaus grohwannl 
(Neamaan» 1909). In sheep and goats, there are many records 
as Indicated helov* Olohldlum species has not been recorded 
from plgs> dogs or poultry. 

Mashe (1893) described forms similar to dlobidium 
and considered them to be related to Oregarlnes* Moussu d 
MaroteX (1901» 1902) considered them to be the developmental 
stages of Elmerla faurel (Houssu d Harotel, 1902) Martin, 

1909 (w Goocldlum faurel ). Hocard (1893) described nodules 
in the stooaoh and intestine of sheep and considered them 
to be ooccldla, but as pointed out by 'faklmoff et ed. (1926)^ 
he vas dealing vith a Olobidiutt cyst* 

Chatton (I910a, 1910b) created a new genus and species 
Qastreeystls gllruthl for the reception of G-lobldlum parasite 
In sheep and goats but subsequently In the same year renamed 
It as globldlutt gllruthl . 

Holler (1920) reviewed the generic status of dlobldtum 
and the parasites under the related genera gaatroovstts 
Qhatton, 1910; Ileocystia Ollruth d Bull, 1912; Bymphoeystls * 
ailruth d Bull, 1912; Sarcooystle Xankester* 1882; Balbtaaia 
Blanchard, 1885; Haploaastrooystta Chatton.1912| and 
Beanoitla franco d Borges 1916» and relegated all these genera 


synonymy of ^lobidlnm Bleach» 1833< 
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Ho1»»ler (1922) Ashmorth (1923) regarded 
a,oMaia. to be a fungi. ^’926) indicated it. 

oinllarity to Rblnoanoridini Mlnohln & lanthM, 1905, 
but olaBBlfled the paraeite under the order Sarooaporldia 

Butaohli* 1882. 

Triffit (1925. 1926b. 1928) did not find any ovldeno* 
of oelluloflo in the cysts of gastrocyetta flllruthl (■ 
gtlmthl ) and the contained spores could not be cultivated, 
though changes similar to that of the spores of Sarpopystl a 
tenella Rallllet 1886, were noticed when placed In lit glucose 
solution. On the basis of these observations, she considered 
flaatroovstls fllruthl (« glob^dlum Bllrum> Swypsyalls 
tenella to be relared and the latter being an aberrant form 
of the former. Plllers (1928), however, could not find any 
evidence to substantiate the close relationship of aiQbidi a a 
with ooccldla or Saroosporldla. Rleohenow (1929) drew 
resemblance to the (Jregftrinea rather than to Ssrcosporodia. 

Babudlerl (1952) reviewed the morphology and taxonomic 
status of ftlobidium and the other related forms. He created 
a new order siobidla under the class Sporomoa Beuchart, 1879 
and Subclass Saroosporldla, Baibianl, 1805. amd defined this 
new order as possessing cysts which are situated in the 
submucosa of the alimentary tract and where the paraslt# 
does not secrete a toadn. fhere are very few siderophllio 
granules In the spores, which are derived from blastophores, 
and the host cell is a hypertrophied somatic cell, the 
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nuoleuB of liiloh has a marglaal situation. In this ordor, 
the family Olohldldaa Babudlsrl, 1932 «as created to 
include niohldluB and lleoeretl.ft eUh the former genua to 
include ail those species ehloh are found as oysts either 
In the cutaneous tissue or In the muoosa of the gastro- 
Inteetinal tract. 

Henry t Masson <1932) while desorlblng a new epeoiea 

In caael. 3- HSSSii.. *1 redesorlptlon of a* SSSESi 
(- a* etlruthl ) In the Inteetlns of sheep, defined these 
parasites as a largo fora of oocoldla with large endogenous 
dovelopsental stages and which result tn the formation of 
large oocysts with thick walls formed by fusion of rofrao- 

tlla oorpuBcles or gloTsuloSe 

Retchaaow (1940) and Htregaudar (1956) desorl- 

Ung the oocysts of g. leuckayti frota th« faeces of a donkey 
and a horse respectively found thaty Itt the flotation 
technique, the oocysts of g. ;t.en,qkaj^ did not rlae to the 
surface due to Its hi^ specific gravity and hence escaped 
detection. Relohenow (1940) found ripe oocysts containing 
4 eporoblasts vlth two sporoaoltes In each and unripe 
oocysts which sporulated In 2-5 weeks at 22-26<»0s On the 
hasis of these ohservations, Reichenow (1940» 4953) oaae to 
the oottolualon that ttlohldiua is slailar to Blaer^a and 
hence relegated the farmer as a submenus of the latter. 
Reichmnow (1953)» However, pointed cut the Inadequacy of 
the diagnostic ohareoters, lack ef Sharp deiwweatica 
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lQi«»tween the auhgeaera Bimerta ( Glohldluia ) and Etaeria s.atr. 

KeveaHUemaire accepted Glohldlua aa a valid 

genus and included both the intestinal and the outaneous 
forms of the parasite in it Tout regarded faurei as the 
valid species In sheep and relegated G, allrutht g B. intrlpata 
and B. arloiaal to its synonymy'. 

Boulton (1942> observed uhite cyat-lihe bodies In 
the posterior half of the small intestine of bovlnesi 
resembling the schizonts of B. faurei as described by 
Moussu & Hax^otel (1902) and Chatton (1910^) and the cysts of 
Globidium as described by Marsh & ICunnioliff (1941 )►• He 
further found that these eyst-llhe bodies correspond to the 
schizont stages of E. bovis Dublin 190@» both in natural 
and in experimental infections, Hammondt Davis ds Dovman 
(1944) and Hammondt Bovmant Davis St Himms (1946) brought 
forth some biological and histological evidence to show 
that the cyst>*Ilke bodies described as Globidlum sp. are 

Ji' 

the sexual stages in the life cycle of Blmerla . 

Richardson (1949) \Axlle describing ooocidiosis In 
sheep end goatst considered it doubtful that G, silruthi 
is a microgarnetocyte of intrioata . Xhe fact that 
oocysts are formed in G* camelt and the factt that the 
trophozoite stages of E. faurmi occur In the small intes¬ 
tine of sheep and is not associated with glohidial type 
of oystsy has led Richardson (104S) to coacd.ude that a 
cyst-like ctructure in the gastro-intestlnal tract Should 




-25 


not toe oonaldered to belong to jS^meria unless controlled 
experimental vork demonatratea a definite conneotlon 
betveen the oooyata of the Elmerial type with the Olotoldlal 

cyeta* 

Pellerdy (1956> in his catalogue of the genua S imerift 
synonymiaed Qlotoidiuw with the genus Moeria in agreement 
with the views of Kotlan, Pellerdy & Versenyi (1951). 

Pols (1960) has made a detailed review of the compli¬ 
cated nomenclatorial history of Glotoidliji^and the related 
genera* He reinstates Besnoitia as a valid genus following 
the opinion of Bennett (1933)* Barrairon (1938)» Cuille, 

Ghelle A Berlureau (1936)| and Prenkel (1956), tout does not 
offer any suggestion regarding the validity of the Intes 

tlnal form of Slotoidium epeolfiS* 

Prom the above review of literature pertaining to 
aiotoidtal Infections in the gaatro-intestinal tract, it 
IS evident th’at Qlptoidlum is a parasite with an undetermined 
life-cycle and hence imperfectly known In Its taxonomic 
status. It would, however, appear to have a distinct 
affinity to Simerla (Riohardson A Kendall, 1963)» 

fhe Incidence of aiotoidium infection in sheep and 
goats has been reported from Australia (Silruth, 1910j 
Eao A Wilson* 1959># (acllman, 1953), francs (Uocard, 

18931 Mouseu A Marotol, 19021 Ohatton, 1910)1 Oermany 
(Haake* 1S93)i India (fswart A Iyer, 1960)i Japan (Isshlkl, 
1950) 1 faklstan ( Sarwar, 1951 )t darkey (Ouacalp A Uraatt*1957)l 
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United States of America (Alloata, 1950j Marsh & Tunnlqllff, 

1941; yergueon dt Ooldsl^y, 1961). 

Mashe (189?)' described cysts, similar to Olqbidium , 
in the abomasum of sheep slaughtered at the Lubeolc abattoir* 
Moussu & Harotel (1902) described these parasites from the 
abomasum of sheep and considered them to be the dCYelopmental 
stages of E* faureL* 

Q-llruth (1910) observed the parasite in the abomasal 
muousm membrane of a sheep and described the condition as 
malignant transudation. He also gave a brief description 
of the parasite and found the sporoaoltes in the cyst to 
measure Arbyu x 0»5yu and to possess flagellat but subse*- 
quent vorhers hays not encountered such a structure• Ohatton 
( 1910 ^ described the cysts of Qlobldlum from the abomasum 
andt the small intestine of sheep and goats and the contained 
spores, according to him, resembled those of 8arooapQri(dla 
Butsohli, 1682* 

ITrlffit (I92?f 1928} examined sheep at random from 
the slaughter houses in Iiondon, and found 92^ to be infected 
vith gilruthi (w gaatmoyetls gilruthl ). ®he cysts were 
found only in the abomasum* with those in the muooaa being 
larger than those in the gastric glands. The cyst wall 
comprised of two concentric layers and was provided with 
a single large nucleus• Mature spores contained in the 
cysts measured I 2 yu x 2 « 5 yru and were truncated at one end* 
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Alioata (1930) hae recorded the incidence of this 
parasite In the abomasum of 8«9%t 10,0^ and 0*35t of the 
sheep on different occasions. Ihe cysts of this parasite 
were found to be white nodules located in the mucus lining 
of the abomasum. 

Canham (1932) observed these parasites in the mucus 
membrane of the abomasum of sheep and the cysts of the 
size of a pinhead were filled with greenish or yellowish 
fluid, fhe contained spores, lO^u long were cigar shaped 
with both the ends tapering, and staining well with dlsmsa 
stain. 

Marsh & Zunnlcllff (1941) found the prlnolpsl lesions 
In the small intestine which w^s studded with white cysts. 
These cysts ware rare in the abomasum, fewer In the duodenum 
but the number increased In the small Intestine, The lan¬ 
ceolate spores, lOyu long showed no movement, when released 
from the cyst wall. Goooidiel oocysts were also found as 
concurrent infection In the eorapings of the llettn and 
rectum, 

Sarwar (1931) reported this parasite from the muoua 
membrane of the abomasum in 34% and 93*8% of the sheep and 
goats, respectively. Qurslp St Urman (1957) found cysts 

gjlruthl In the cardiac and fundus region of ths 
abomasum in 96,18% of the sheep, Soliman (1958) found the 
cysts in ths fundus region of abomasum and else in the 




jejumum and Ileum of 18% of sheep and 28% of goata. Rao 
ft Wilson (1959) found a greater percentage of the cysts 
in the abomasum and very fev in the caecum of Merino sheep* 
Sollman (i960) observed the cysts in 32% of sheep and 40% 
goats. ODevari ft Iyer (I960) recorded and described the 
presence of Olobidium cysts in the small intestine of 
three goats. I'erguson ft Ooldsby (1961) found the cysts in 
the abomasum of 17*27% of the goats. 




mmm and hdtuods 
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For this vorlc the vlsoera of freshly slau^tered 
goats* In addition to faeosl sanples fron the reotum of 
the experimental animals* were utilised* The goats were 
slaughtered for harvesting the spleen in connection with 
the mase production of freese-^drled rinderpest yaooine at 
the Indian Veterinary Research Institute* Isatnagar, These 
goats were purchased through a contractor and came from 
different places in Uttar Pradesh, Delhi, Ra;Jasthaa, Bihar, 
Madhya Pradesh and Himaohal Pradesh* The goats had lived 
under different climatic conditions in the nountalnoue 
region, submountalnous region and the Oangetio plains of 
this country. There was thus a good opportunity to have 
materials from a wide area* The goats, which are slaughtered, 
hardly spend 7-11 days on arrival and hence the protozoan 
fauna represents natural infection piohed up from their source 

e 

of origin or during transit* The goat population available 
for this work comprised of both sexes and the average age 
ranged from years. 

The vlaoera of the goats were collected at random and 
on an average 10-20 gastro-lntestlnal tracts from the ahomasan 
to the rectum were examined dally for the presence of oocysts 
^iaayia and Olobidlum and their tissue stages. 

Both the ends of the gastro-lntestlnal tracts wers tied 
before being brought to the laboratory for examination* Bach 
sample of the alimentary canal was opened separately in a 



olean basin of running water and tbe faecal pellets from 
the rectum were collected for further processing. With a 
view to obtaining some data regarding the intensity of 
infection with different species of Bimeria* approximately 
the same mass and volume of the faecal pellets were collec¬ 
ted from each sample. Such pellets were mixed with a known 
volume of 2.5% Potassium dlohromate solution or tap water 
for the purpose of determining the degree or intensi’^ of 
infection in a standardised manner for all samples. As a 
further step In standardisation of the technl%ue, known 
volumes of the faecal suspension were mixed with known 
volumes of saturated Sodium chloride of oommeroial quality 
and centrifuged at a fixed speed for all samples. 

fhe oocysts in the faecal samples were allowed to 
sporulatf in a solution of 2.5% Potassium dichromate or tap 
water in petri dishes of convenient Bias. The depth of the 
faeoal suspension in the petri sidhes was uniformly kept at 
5 mm and frequently stirred with a glass rod. ®hs petri 
dishes containing different samples were tnoubated at 
25*25®0 either in the room or in a thermostatically control¬ 
led cabinet, fhe loss of water by evaporation from the 
oocyst cultures was compensated by addition of suitable 
quantities of fresh tap water at the same temperature-as 
that of the cultures. 

Both uneporulated and sp 03 pulated oocysts were studied 
in detail under the ordinary liipit ml ares cope and cooasionaUy 
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vtth -the help of a phase contrast equipment. Different 
measurements, of as many sporuiatod oocysts as poaalhle, 
vere tajcen with a calibrated ooculometer. The progress 
of the sporulatlon yas determined at 4 hoursly Intervals 
as far as practicable. 

For setting up cross-transmission experiments, 
pregnant ewes were obtained and the new born lambs were 
maintained under strict hygienic conditions until needed. 

The lambs were fed bottle milk of suitable quality and 
stall fed with washed tree leaves and unoontamlnated bran 
at later stages. Two such lambs, free from cocoldlal 
Infections, were fed sporulated oocysts of E, fauce t and 
B, ** 4 "ftVr>>^ivakimQvae obtained from goats. One lamb was 
fed 50,000 sporulated oocysts of E. nlnakohlyaklmo.yas In 
gelatin capsules. The other lamb was similarly Infected 
with 1.6 million sporulated oocysts of B, 

.Infected lambs were kept under close observation and the 
one Infected with B, nlnakohlySkimoyae was destroyed after 
16 daye of infection and the gastro-Intestinal tract was 
collected for detailed examination. The other lamb, Infec¬ 
ted with B, faurel , was kept under constant observation and 
relevant data of the oocyst production and their morpholo¬ 
gy! eal features were obtained. The counting method of 
Stoll (1923) was utilised to confute the production of 

of faeces and this was continued daily 


oocysts per gram 
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till tb« production of oocyste per gram of faeoes fell 
fai* belov 100. 

For studies on the various stages of Crlobldlum 
apaoles, the abomasum and Intestine were thoroughly examined 
for macroscopic lesions. Cysts with definite contours were 
excised and examined In various ways, borne of them were 
fixed in 1096 buffered formalin, Bouln’s fluid and absolute 
alcohol and processed for preparing paraffin sections in 
the usual manner. Cysts suspected to be those of Clobldlum 
were also examined as squash preparations under the ordinary 
light and the phase contrast microscope. Cover slip prepara- 
tiotBof the crushed cysts were also fixed and stained suitably 
with Oelmsa stain for tissues as given by Lillie (1934)« 

Methyl Green-Pyronln according to the method of Kurnlck 
(1933) ^nd 19^ aquous foludlne Blue. Paraffin sections were 
stained with Haematoxylln and }a!osin in the usual manner and 
with Mallory's Phosphotungstio acid Haematoxylln. 

Some histochemical staining reactions were also 
performed on paraffin eeottons fixed In buffered formaiia 
and absolute alcohol. The hlstoohemloal teats and histologi¬ 
cal stains used were 1 - 

(i) Periodlo-Aaid-3chlff reaction with suitable 
saliva and acetylation controls, 

(11) Millon reaction for Xyrosine containing protein, 

(ill) Coupled Xetramonium reaction for proteins, 

(lv> Silver inqpregnation for retioulum.. 
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(v) Van Gieson for connective tissue, 

(vi) Verhoeff's elaetlo stain, 

(vii) Aldehyda Fuchain stain for elastic tissue* 

(viii) Brom phenol hlue with and without Mercuric 
chloride for proteina, 

(ix) Orcein stain for elastic* 

<x> Methyl Green-Byroniti with Hibonuolease 
[prepared from saitve according to the 
method of Bradbury (1936)^. 

9)he methods for the above mentioned staining reac¬ 
tions were as given by Pearse (i960). 







observaq;ioms 


I* Survey of BUmerla In fnoats t 

A total of 245 samples were examined and 152 faecal 
samples from the rectum were found positive for oocyste of 
Etmeria species. The majority of the infected faeces showed 
mixed infections with one or more types of oocysts* In all 
11 species of Blmerla were encountered. The species and the 
number of times they were found is as follows»- 


E, arlola;B!i ... ... 105 

parva ... 83 

M* ainakohlyakimoyae ,,. 81 

1* faarel ... ... 48 

E* haykenai ... *•* 27 

’S, crandalfis ... *. • 20 

1. granulosa ... ... 15 

S. padlidla * * • *> • • 9 

W • *«* . • • 7 

o^rietensetil ..» • *. 2 

B. intricata * * * *•* 1 


The maximum number of species which was recorded in 
one faecal sample was 7 and these were B. arlotngl . 

crandallla * B» faurel * B» granulosa * E. hawkenel . 

E, ninakohlyaktmovae and E. narva . Six species of Biaeria 
In one faecal sample were encountered on two'!)^ occasions. 

In one of them^ B* arlolngi * E, crandallla * B, ^anulosa * 

B. hawkenai * E* nlnakohlyakiaovae and E. parya were found 
while in the other E. ahsata . B, arloingl * B, granulosa . 

B. hawkenel * E. nlnakohlyakiaovae and B. parva were found. 

Mixed infections with 5 species of Blmerta were found 
in 10 samples, with 4 species in 14 samples, with 5 species 
in 47 samples and with twe species in faecal saa^les* 
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The relevant data of the incideace of the different species 
and their intensity have been summarised in Xable 1« 

Pure infections with single species of Bimerta were 
encountered on 15 occaeions and of these B* arloingl was 
found In 5 samples^ B. faurei in 2 samplesj B. ninakohlvakl - 
movae in 7 samples and E, parva in 3 faecal samples. 

A perusal of Table I shows that B, arloln/gi . B, parva . 
E, ninakohlyakimoyae and E. faurei are the more oommon 
epeoles in goats of the region under survey. The Inoldenee 
of the different species in goats is as followsi- 


E. ahsata 

4 e e 

pee 

4.6^ 

I* arloiQg|, 

esc 

p « e 

69.07jlt 

E. chriatensenl 

e e e 

• • a 

1.39t 

E. orandaliis 

« e • 

see 

13*15?« 

E, faurei 

S f * 

PS# 

34*1 % 

iKraauloea 

see 

« e e 

9*869i 

hawkensi 

e e « 

eat 

17*76;;S 

S* iniricata 

e e s 

« * • 

0*63% 

Bs ulnakohlYfiJcliaovae 

see 

53* 28?^ 

Be pallida 

see 

ess 

5.89^ 

i. pai^a 

* e e 

see 

57*89?5 


Eata regarding the seasonal incidence of Bimeria in 
goats have been collected and presented in Table XI and 
Graph Z. The time available for this study bsing very 
short I it has not been possible to collect data for a 
whole year. The data which could be gathered for 4 species 
during a period of seven months» however, is significant* 

II* Morphology of the oocysts of BjL me^ r^ i^t 

W Es. »ha<^ta « (Plate I, II) 

This species has net been recorded in India sc far« 
The oocysts of E. ahsata were found on seven different 










to show tbe seasoual Inoldonoe of 
Elmerla speeleB la goats 
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Pereentage of Infection with 


Month 

1* j 

arloingl1 

1 s. 

[ oarva 


S. 

faurei 


1 ^ 1 - -iJ 


August 1963 

81.8 

54.5 

50.0 

61.8 

September 1965 73*3 

86.6 

20.0 

40.0 

October 1963 

71,4 

71.4 

42.8 

28.5 

November 1965 

63.6 

45.4 

45.4 

54.5 

Beoember 1963 

55.7 

64.2 

71.4 

35.7 

January 1964 

73.0 

40.3 

73.0 

26.9 

February 

55.5 

55.5 

55.5 

44.4 













occasloas and it vas always okixsd with other species, llhis 
species resembles B* arloinai closely and requires careful 
careful observation to differentiate* 

The oocysts are ellipsoidal to ovoid. Both the ends 
are nearly rounded though at the micropylar end the inner 
oocyst vail appears to be somewhat flattened. The mlcropyle 
opening is not very prominent and the cap covering the opening 
is in the form of a shallow aroh* Ten oocysts uieaaure 58*5-y^0*0 
X 28.0-2B.S (39.1 x ?8,3)yU. The length s width ratio of the 
oocysts Is 1,37 « 1.40 ( 1 . 38 )* The oocysts are pale etraw 
coloured to light brown. The oocyet wall appears to be 
composed Of two layers, of which the thick Inner layer was 
more prominent and darker than the outer layer. The oocyst 
wall including the outer thin layer is 1.4 - ?«1yu thick 
while the thiedc Inner layer alone is 0*7-1*05^. The colour¬ 
less mioropyle caps are 2 . 8 - 3 , 5 ^ high and 4 * 9 - 10 ,vide 
with an average of 3*1 x 7.9y«. A few polar granules are 
present* The fully sporulated oocysts do not have any 
oocystlc residuum but sporocystio residua are present (Plate II), 
The sporocysts are elongated ovoid and measure 11,2-14*0 x 
7*0-8. 4 ( 11*9 X 7.$ 3 )yU* A large Bleed refractory globule Is 
present at the broad end of the sporoaoites in addition to 
one or more smaller globules scattered else^Ajere in the body 
of the sporosoltes* 
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(B) B, arlolggi t (Plate III) 

This spooles is the most oommon In the goats examined* 
Some of the faecal samples showed heavy output of the oooysts 
and each field of the slide In the centrifugal floatton 
technique showed 100-500 oocysts, A total of 503 sporulated 
oocysts were measured from el^teen different faecal samples. 

The oocysts are mostly ellipsoidal in shape though 
a few of them hare unequal curvature of the two sides, 3udh 
aberrant forms of the oooysts were not utilized for measure¬ 
ment though in all other characters they conform to the des¬ 
criptions of B. arloingi , She 503 oocysts measure 21,0-41*3 
X 17,5-28,0 (31,13 x 22.69)^. On the eighteen ocoastons, 
when measurements were taken, no marked differentiation of 
size could be obseired. The average measuremonts given 
above were invariably the same for the daily lot of measured 
oocysts and hence the oocysts could not be placed in one or 
more size groups* Very large sized oocysts were not common 
in each lot, ?6r example, in the different lota used for 
measurements, only two or three oocysts in each lot were 
abovd 36,0^ long. 

The ratio of length » width is 1.2 - 1*47 (l.32). The 
thick inner layer of the oocyst wall is yellowish brown In 
colour while the thin outer layer is pale yellow* The oocyst 
wall including the thin outer layer measured 1,05 - 1*75 (1* 
while the prominent, thick, inner layer measures 0*35-0*70 
(0*52) 
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(Che mlQJTopyle aad Its cap la quite pronlaent* $he 
colourless mlcropyle cap Is nearly flat to healspherical 
in shape and measures 1.03-3*5^ high and 4.2 - 8«4yW wide 
with a mean of 1.9 x 6,57^* 

A few oocyst polar granules and scattered particles 
are present in the oocysts hut oocystic residuum is absent 
in the Bporulated oocysts, !Che sporocysts are ovoid to 
elongate in shape with the narrow and somewhat blunt and 
truncated, fhe 509 sporocysts measure 7.0 - 17.5 x 6.3 -10.5 
(12.59-7.11)yu. Sporocyst residua are present. !The fusiform 
sporoaoltes possess a large globule at the broad end and a 
smaller one at the other extremity. 

(C) B. ehrlsteaseni t (?late IVj Jig, 1) 

(Che oocysts of B. ohristenseni were located on two 
occasions in adult goats and this becomes the first reoord 
for India and anywhere else other than United States of Aaarleaf 
where it was first described (Iievinst Xvens d Brits* 1962). 

The oocysts are oval to ovoid In shape with the mtoro- 
pylar end being slightly narrower and somewhat flattened. 

Six oocysts measure 35,6 - 43.4 x 24»5*-28,0 (39.43-26.83)y« 
and the length t width ratio Is 1,37-1*55 (1.47). The 
oocyst wall is yellowish brown to cherry brown in colour and 
measures 1,75 - 2.10^ in thloJcness with the Inner prominsht 
wall being 0,7-1, 05 yu. 
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Hhe narrow end of the oocyst has a distinct mlcropyla 
and Its colourless, hemispherical cap measures 1,05-2.45 
(l.75)yu high and 7.00-8.40 (7.55)/u In width. 

The fourteen sporocysts measure 11.2-15.4 x 8.4-10.5 
( 15,5 X 8 , 9 )yU. The sporulated oocysts do not have any 
residuum but sporocystic residua are present. 


(D) B. crandallie t (Plate V) 

The oocysts of S. crandallls were not very common. 

The oocysts are ellipsoidal to ovoid. The mioropylar end 
Is flattened. The micropyle is not distinct. Bight oocysts 
measure 21.0 - 24.0 x 16,6-19.6 (22.4 * 18.2)^. The oocyst 
Is colourless to pale yellow in colour* The oocyst walls 
are formed by two layers of which, the inner thick wall is 
pale yellow in colour while the outer Is colourless. The 
colourless mlcropylar caps are flattened and measure 0.7-3*5 ^ 
high and 4.2*8,7yh wide with an average of 2.1 x 5*6y«* In 
the fully sporulated oocysts the oooystlc residuum is ahsent 
but sporocystic residua are present. The sixteen sporocysts 
are avoid and measure 6,3-10.5 x 5.6-7.0 (9.6-6,0)yu. 


(B) E, faurei (Plate VI) 

The oocyeta are egg shaped. The mioropylar end is 
pointed and conical. The 492 oocysts from eleven faecal 
samples measure 23.8-37*8 x 18.2*29*4 (30,55 x 22 * 30 )/d, 
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The length * width ratio of the oocyata Is 1,30-1*47 C't*37) 
fhe oocyst wall apprears to be composed of two layers of 
which the inner thick layer has a bluish or yellowish tinge 
and the outer thin layer is colourless, fhe total thickness 
of the two layers Is 1.05-2.1yU while the inner thick wall 
alone measures 0.7-1 *05yki. The micropyle is distinct. There 
is no cap over the micropyle. The polar granules are absent. 

The fully sporulated oocyst does not have either the oocyst!c 
residuum or the sporocystlc residua* The 495 eporocysts are 
elongate ovoid and measure 7.7-15»4 x 6.3-10.5 (11.92 x 7*05)yU, 

h <tranuloBa (viate VII) 

A total of 183 sporulated oooysts were measured from 
3 different faecal samples. The oocysts are pyriform in shape. 
The micropylar end of the oocysts is more prominent and broader 
than the other end. The 183 oocysts measure 28.7-38.5 x 21.0- 
28.0 (32.25 X 23»72)yu. The length i width ratio is 1.37-1,40 
(1,36). The oocyst wall is composed of two distinct layers* 

The inner layer of the oocyst wall is yellowish brown in colour 
and alone measures 0.7-1.05yu thick. The outer thin layer of 
the oocyst wall is pale straw coloured. The total thickness of 
the oocyst wall including both the layers is 1*05-2#10yu, 

There is a distinct micropyle covered by a oolourlesa flatte¬ 
ned cap, which is 2.i-2,8yu high and 4*9-7.7ytt wide with an 
average of 2.45 x 6.65^. Thera are no polar granules. The 
oocyatio residuum Is absent in the fully wporulated oocyata 
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but 'cystic residua are present. The sporocysts are ovoid 
and measure 8.4“12*6 x 6*5*"®*4 (10»5*"7»0)A large sized 
refractory globule is present on both the ends of the 
sporozoites. 

(G) B* intrleata : (Plate VIII) 

This species has been found only once in the goats 
examined. The oocysts are ellipsoidal In shape and are 
yellowish brown to dark brown in colour. The 75 oocysts 
measure 44.1-53»2 x 37*5-41.3 (50.42 x 3a.Q5>^. ratio 

of length : width is 1.15-1*30 (1.23). The oocyst wall 
appears to be made up of 3 layers. The outermost is trans¬ 
parent and difficult to discern. The middle layer is brown 
to dark brown in colour and is the Ihickest of all. The 
thickness of the middle layer appears to be transversely 
striated. The innermost oocyst wall is thin and colourless. 
The total thickness of the oocyst wall including all the 
three layers is 2.1-3.5yu while that of the middle layer 
alone is 1.05-1.75^. The micropyle is distinct and covered 
by the micropyle cap, which is colourless to yellowish green 
in colour. The cap is semi-lunar in shape or boat-shaped* 
Quite often' the top of the concavity is somewhat flattened 
and the edges of this area are raised or notched* The caps 
measure 1.+-5.6yu in height and 7*0-16*0^ In width with an 
average of 2.74 x 13.73/1* The polar granules and oooystle 
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residua are al)Beat» but sporocystlc residua are preaeut* 

The embryonlo mass iu the uaaporulated oocysts meaeurlng 
25#2-28«0yu in diameter, are mostly located towards the 
micropylar end of the oocysts and seldom in the opposite 
end* The sporocysts are elongated ovoid with prominent 
steldae bodies and measure 13«5-19*6 x 3.4-11*2 (17.7 x 
9.94)yn, A large number of retractile globules are present 
In the sporozoites* 

(I) B* hawkensl t (Fig. 2) 

This species requires careful observation to locate 
since the Important point for Identification la the nature 
of the triangular cap on the oocysts. The oocyets are ovoid 
to ellipsoidal In shape and pale pinkish to yellowish green 
In colour. The measurement of 30 sporulated oocysts vers 
taken from 5 different lots of faecal samples and the same 
is 19.6-30.1 X 16.8-21.0 (26.62 x 18.36)ya, Their length » 
width ratio is 1,16-1.43 (1.3). The oocyst wall appears to 
be made up of two layers. The outer layer is a thin colourless 
membrane surrounding the inner thick wall. The total thickness 
of the oocyst wall is 1.03-1.40yAi, while the Inner prominent 
wall Is 0*33-0.7yu. The mloropyle Is not easily discernible. 

The triangular micropylar cap la 0.7-2*8^ high and 4.9-7*7^ 

In width, with an average of 1.36 x 6.27yu. The sporocysts 
are ovoid In shape and measure T.0x12,6 x 4.2-7.7 (9.91 x 6.44)yu. 
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PoX&r granules and oocystic residuum is absent but sporo- 
cystic residua are present* 

(I) E. nlnajEohlyaklmevae (Plate IX) 

She oocysts were studied from 7 different faecal 
samples* Xhe oocysts are sub'^spherioal to ellipsoidal* 

Phe mlcropylar end Is marked off by a prominent darker 
coloured ridge* A total of 303 oocysts were studied and 
they measure 18*2-28*0 x 16.8-21*0 (23*97 x 19.0^yu. The 
oocysts fall into two categories of sime with the ratio of 
the larger to the smaller forms being 4*1. The ratio of 
length I width is 1*04-1*33 (l.23)ya* The oocyst wall la 
made up of two layers. The Inner thick layer is faint 
bluish in colour and measures 0.7-1.03^* The outer wall 
is thin and colourless* The total thickness of oocyst wall 
including the thin outer layer Is 1*05-1*40^0. The mloropyle 
is Indistinct and the mlcropylar cap is absent* There are 
no polar granules* The fully sporulated oocyst does not 
have any oocystic residuum but aporycstlc residua are present* 
The sporocysts are ovoid In shape and measure 4*2-13*3 x 
4*2-7.0 (9*17 X 6.27) 

(J) S* pallldai (Flate X) 

The oocysts are pale yellow to greyish yellow In odour 
and sub-spherical to ellipsoidal In shape* The 10 oooysts 
which were measured are 14*2-15*4 * 11.2-12.6^ (14*5x11*9)^. 
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The oocyst w&H is con^osed of 2 layers, the outer wall 
which Is not distinct and the inner thich wall, which is 
pale yellowish in colour and measures 0*55-0,70^ in thick¬ 
ness. The total thickness of the wall including the outer 
layer is 1«0^-1,40^. There is neither a mioropylar nor a 
polar capf Oocyst polar granules and oocyst residuum are 
ahsent but eporocystic residua are present* The aporocysts 
measure 4*5"9i8 x 3«8-5*6 (7*06 x 4*7)yu. The validity of 
these forms is not very clear* This is further diaouseed 
later on. 

(K) 1* parva t (Plate XI> 

The oocysts are spherical in shape. The 72 oocysts 
from 3 different faeqal eamples, which were studiedf measure 
11,2-26.4 X 9.8-21.0 (18,06 x 16.02)yU, Their length j width 
ratio is 1,14-1,36 (1.12)* The oocyst wall la refractile, 
smooth and faint yellow to pale yellowish green In colour. 

The total thickness of the oocyst wall is 1.05-1,40ytt and 
the thick inner layer measures 0.35*0,70^ in thickness. The 
outer layer of the oocyst wall is thin, membranous and 
oolourless. There is neither a mioropylar nor a cap. There 
are also no polar granules, oocystic and eporocystic residua* 
The sporooyots are oyoid and measure 4,2-6,3 x 4,2-5,6 
(5*6 X 4,9) 

The relevant data of the various species of Bimeripi 
have been summarised in Table XXI, 
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III, S-porulation of the oocyata : 

The progress of aporulatlon of the dlffereot oooyst* 
has been watched under a constant temperature of 25® + 
la a thermostatically- controlled cabinet and under room tem¬ 
perature condition Wiloh shows diurnal variation. The details 
of Bporulatlon are given below and have also been aummarleed 
In Table IV* 

^ ahsatat- The aporoblaatio stage Is reached In 
32 hours at 25®0 while the sporooyatlc stage requires another 
24 hoursf The oocysts are fully sporulated In 72 hours* At 
17*i19<»0 the aporulatlon Is delayed and the same requires 90 
hours for completion* 

B* arloinai t- The sporozoites are fully formed in 
48 hours at 25®C. The sporoblastlc stage la reached within 
24 hours and the sporocysts are differentiated in another 12 
hours. At 28®“32®<J the aporulatlon of the oocysts is not 
hastened* 

0* B* crandallia ;- The eporulation time la the same as 
S- a-rlolngl * l.e,, 48 hours at 25®C* 

D* B, faurel t - Under room temperature of 23® - 30®C the 
oocyst requires 72 hours for the sporoblasts to be formed and 
then another twelve hours each for the sporocysts and spore** 
zoltsB to be formed* respectively* At 26®Gf however* the 
sporulatlott Is complete In 72 hours, 

^* flgMulosar- The oocysts are fuXXy sporulated In 
72 hours at 26®0, The sporoblasts are fermed In 56 hours and 




the eporocyets in another 12 hours. Under room temperature 
conditions of 25-30^0 the time talcen for aporulation la 
somewhat variable from 72'*96 hours, 

5* hawkenei i- At 25®C the sporoblast!c stage is 
reached In 32 hours, the sporocystio stage in another 8 hours 
and the sporozoites are fully formed in 48 hours from the 
commence * At the oocysts are sporulated in 64 hours, 

Gr, B, tntrioata: * The oocysts are fully sporulated 
in 7 days at 23**0. the sporoblasts are formed in 72 hours, 
while the sporocysts require another 48 hours to form. Under 
room temperature conditions the time taken for aporulation 
varies from 5-8 days. 

H. B, ninakohlyakimovaet -» At 26®C the aporulation of 
oocyst commences in 3^ hours with the sporoblastic stage being 
discernible and the same is ooi^pleted to the sporozoitic stage 
in 56 hours. At 24-30®C the time dft>r aporulation is prolonged 
to 72 hours, 

I. B, palllda t- The oocysts require 24-36 hours at 
26®C for complete sporulatlon. At 18-22^0 the time for sporu- 
latlon la prolonged to 48 hours, 

d*, B, parya t- At 25®0 the oocysts become fully sporu¬ 
lated in 48-72 hours, while at 29-32®0 the time taken is 24^48 
hours, 

B, jehristensenl t- At 26®C sporoblasts are formed in 
48 hours and sporozolt stage is reached in 72 hours. 
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IV* t^rose-tragsmlsslon i 

(a) E, faurel from goat to lambt It has Ijeea poosil)!# 
to succeaafully croas-tranamlt B. fauret from goat to mheep, 

A goat having a pure infeotion of B. faurel was used as the 
donor animal. One lamb, aged 40 days and free of any parael tlo 
lnfeotlon» was fed with 1*6 million aporulated oooysts of 
fau rel , SDhe oocysts were fed with the help of gelatin 
oapsules. Suhaequently, the faeces of the infected Iamb waa 
collected in faecal bags and examined for the preeenoe of 
oocysts* Twelve days after infection the faeces revealed the 
presence of oocysts, whldh on examination was found to be that 
faurei * The oocyst per gram of faeces was determined 
daily and the relevant data has been given in Table Y* 


table V 

Table to show the daily output of oocysts 
E* faurei per gram of faeces 


Bats Oocysts per gram of faeces 


26-1-64 

21PP0 

27-1-64 

530,00 

28-1-64 

680,00 

29-1-64 

390,00 

50-1-64 

310,00 

51-1-64 

250,00 

1-2-64 

230,00 

2-2-64 

219,00 

5-2-64 

190,00 

4-2-64 

i6s,og 

5-2-64 

135,00 

6-2-64 

82,00 

7-2-64 

210,00 

8-2-64 

145,00 

9-2-64 

91,00 





Data 


Oooyata per gram of faecae 


10-2-64 

23»00 

11-2-64 

13t00 

12-2-64 

7,00 

13-2-64 

Less than 100 

14-2-64 

••do— 

15-2-64 

-go- 

1 6-2—64 

—do— 


On the day of infection, the lamb weighed 5*85 hg. 
and after 35 days, when the observations were discontinued 
the weight increased to 6,8 kg* 'Airou^out this period, 
the lamb remained healthy and showed no clinical signs 
of coocidlosls. The prepatent period was thirteen days, 
when oocysts began to appear in the faeces* The production 
of oocysts continued for 22 days when the quantum of output 
became very low* 

The oocysts are similar to the descriptions given 
fot* laurel . A total of 50 oocysts measure 24»3"'38«7 
X 19*6-28*7 (30.0 x 21*6)yU, The sporooyats measure 
8,4-14«0 X 6,3-9*8 (tl*2 x 7.0)^* These oocysts undergo 
coffltplete Bporulation in 48-72 hours at 25®0* 

(b) B* nlnakohlyakiaovas from goat to Iambi 

&ne goat showing a pure Infeetion of ninakohlyakl- 
movae was used as a donor animal, A lamb, aged 16 days, 
weighing 2.95 hg. and free from any infection was fed 50,000 
sporulated oooysts of B« mlnskohlyaklnovae in gelatin capsules. 
On the 11th day of Infection, oocysts of I, ninakohl- 
yakimovae began to appear in the faeces* The dally output 
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of oocysts per gram of faeces has been determined and the 
data has been summarised la fable VX* 


TABDB VI 

fable showing the output of oocysts of 
B, alaakohlyakimovae in the infected lamb 


Sate 



OOcyste per 
gm. of faeces 

30-1-64 

* 0 m 

• e e 

170,000 

31-1-64 

• « e 

* e « 

300,000 

1-2-64 

♦ ♦ e 

♦ • e 

435,000 

2-2—64 

e * e 

• • V 

265,000 

3-2-64 

• e « 

♦ e * 

203,000 

Slaughtered on 

4-2-1964 


The lamb 

showed 

clinioal 

manifestations of coocidio- 

sis on the 11th day and 

onwards* 

Ihe signs ware mucus In 


faeces, imi'ierfectly formed faecal pellets and general dete¬ 
rioration of condition* On the 14tb day the faeces was 
diarrhoelo. The lamb was slaughtered on the 1&th day of 
infeotloa* 

On post-mortem examination eohymosls and haemorrhagic 
tracts were noticeable through the whole length of the email 
intestine* fhere were marked petechial leelone in the mucosa 
of the small Intestine, specially the ileum and colon* Areaa 
of denuded of the epithelium were also noticed* 

HicroscDpial examination revealed desquanation of the 
epithelial lining of the villi In the small intestine* The 
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epithelial cells contained various developmental stages of 
n 1 nakohlvak 1 movae (Plates Xlly XIll and XIV)» fhe scblsonts 
are present In the same region of the intestine as the gaeme- 
tocyteSf Ihe schiaonts are 16-30^ In diameter wid contained 
100 and odd merozoites, fhe ileum and colon show the infected 
areas as thickened and oedematous lesions with extensive 
leucocytic infiltration and hyperplasia of the eplthellua. 

The oocysts have the same morphology as in a natural 
Infection of ninakohlyakimovae in goats, k total of 50 
oocysts from the experimentally infected lambs measured 


19*6*27.3 X 17.5*20,3 (23.3 x 18,57)yn. fhe aporooysts In 
the sporulated oocysts measure 4.9*12.6 x 5.6-6,3 (8.3 x 5.0)yn. 


V, Purvey of Olobldi um gtlru thl in goatsi 

^8,44JC of the ga8tro*lnte8tinal tracts examined were 
found positive for the presence of Qlobldlal cysts. The cysts 
of OloMdium gilruthi were found in the abomaeumy duodsnumy jejanam 
and Ileum. In the abomaeumy the cysts were encountered on 33 
different oocasionsy in the duodenum 95 tlmesy in the jejunum 
on 79 occasions and in the ileum in 44 samples. 


HorphoXogy and histochemistry of 
tae &ioDll.lum ovata c (jplates XY to XXX) 


The cysts in the abomasum are deeply embedded In the 


aubmuoosa. Those in the small intestine are more superficial» 
most of then being in the aubnuoosa and some in the mucosa. 
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®he cysts in the abomasum are mostly In the region of the 
cardiac end* Most of the cysts are round, pin-head slmad 
bodies and yellovish-whlte In colour. Some of the cysts 
are reddish in colour and this is evidently due to haemorr¬ 
hage in the adjoining tissue. She unfixed cysts in the 
abomaeum, Ijn situ * measure 0.5—2 mm. in diameter* 

The abomasum has fev to many such cysts and in one 
case, when actual count was taken, thex'e were as many as 
372 cysts. 

The cysts in the duodenum and jejunum are amaller 
In size and more superficial in position. With the naked 
eye these cysts are pin point site bodies and slightly 
raised from the general surface of the epithelium# 

In the abomasum and the intestine some of the cysts 
had burst and released their contents as is evident by the 
punched hole appearance of some of them. In sectioned 
material some of the cysts could be seen in the ruptured 
condition with the spox'es liberated into the disorganised 
epithelial layer (Plate XXIXI). The cysts in the paraffin 
sections of the abomasum were measured and these showed a 
lot of variations. The round to oval sections of the cysts 


are of two sises. The larger slaed cysts measure 103»5-801.0 
X 69.0-572*0 (455.7 x 356*7)yjh. The smaller sised cysts 
measure 156.0-596.5 x 120»‘0 - 414.0 (399.3 x 304*45)yu. 
Generally the oys*^ into two sine, groups which Is also 

eorrelated with IdVf'ifef'eooe^'^iW^Weir Vnllera morphology* 

l,;;. 

I 1 
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aspect has been further described below. 

The cysts are generally of two types, one of them, 

Which ie somewhat smaller than the other has a definite 
oyst wall and contains large aimed spores or merosoltes* 

This is the sohiaont stage. The other type also has a cyst 
wall but the same is comparatively thinner and the contents 
comprise of numerous small spore like structures. This is 
the microgsmetocyte. The nuclei of the "spores'* or meromoites 
in a sohizont are much larger in size than those of the micro- 
gametes in a microgarnetooyte. The "spores" or merosoites are 
boat to comma shaped, measure 6.3*9*1 x 1.75*2.80 (7.3 x 2.2)yu 
and have a prominent globule in the middle of the body and 
over the nucleus. Under the phase contrast microscope, the 
"spores" or merozoites appear in the form of a slckel shaped 
body with one end blunt and rounded and the other tapering and 
with a central prominence indicating the nucleus and the 
globldlal body. The cyst wall in the schlzont measures 2*8- 
5.6 ^ in thickness, ^lle those of the micro garnet ooyte 
measures 1,05-3,5 yu. 

The aohizonts, which have been studied, are mature or 
nearly mature (flatea XVX, XVXI, XYXIX, XIX), Xn many cases 
the merozoites could be seen in different stages of formation. 
One of the stages is the blastophore etage (Plate XYXX), In 
a Schlzont the blastophorss are present in the form of round 
to oval bodies with the nuclei lying peripherally in a single 
row (Plates XVI, XVII)* The central area in a blaatophort 
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la vaeuolatad and devoid of nuclear material (Plate XVII). 
fhe meroaoltes are Duddi(.ed off from the peripheral eurfaoe 
of the hlastophoree* 

IChe cyst wall of the achizont le well formed and 
prominent, In a few paraffin sectlonsi the thickness of 
the qyet wall has numerous vacuolated areas (Plates XVIt 
XVII)* In some, the cyst wall has a fuzzy or furry out¬ 
growth. In all probability these are artefacts of fixation 
as such a character is not found in every case* It Is more 
oonnon to find the cyst enolosed by a thick vail whl<sh is 
homogenous and not striated or laminated prominently* 

$he cyst wall of the Bchizont la very weakly Periodic 
Aold-Schlff (PAS) posltivei saliva fast» and negative to 
PAS reaction after acoetyiatlon; orthoohromatlo with thlazlne 
dyes; positive for the mlllon reactlonf Brom phenol blue and 
coupled tetrazonium reactlonf pyrlnlnophlllo In the Methyl 
Green<^Pyroaln teohnliiuei stains with aldehyde fuohsln stain* 
Verhoeff*8 stain and Orcein stainf does not stain pink or 
red with Van Gleson’t oonneotlve tissue stain; is very weakly 
argentophllle In the sliver Impregnation techniquef stains 
rose red to pink with Mallory's phosphotungstlc acid haemato* 
xylln; and is eosinophilic In the haematoxylln and eosln 
sequence, She above results of the hlstochenloal staining 
reactions Indicate elastln or elastic type of tie bus in the 
cyst well of the sohlzonts, A host cell or Its remnants is 
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not evident around the schlaonts. There is, hoveyer, 
extensive infiltration of the surrounding tleeue with 
leucocytes and macrophages (Plates XX, XXVII» XXIX, XXX)* 

The globidial bodies in the merozoltes are trans* 
parent and eosinophilic. Histochenioaily, these are weahly 
pAS-positive, poorly pyrininophilic and positive for the 
millon reaction, coupled tetrazoniuia reaction and stains 
with Srom phenol blue in the presence of tnerourlo chloride. 
The uicrogametocytes are larger than the eohlaonts. 

The contents of a mature microgametocyte comprise of nume- 

/ 

rous miorogametes vdthout any residual bodies as in the 
schizonts. diobidial bodies are not present in the micro*- 
gametes. The miorogametes are also formed through the 
Intermediate stage of blastophores, which, however, are much 
smaller and iirregular in sise than those of the schlsonts* 
Besides the schlzont and microgametocyte, no other 
stages in the life-cycle of Crlohldium gjlruthi could be 
encountered. Ho macrogametooytes, macrogametes or oocysts 
were seen. One oocyst, which was observed In a faecal sample 
from the rectum is unllhe the oocysts of Bimeria species. 

The oocyst is obovate in shape and measures 5^.0 x 37*5yu« 

The wall of the oocyst is very thick and no outer thin 
layer is discernible. The oocyst wall meaBures 6-8ya« Ths 
mieropyle is present but there Is no mioropyle cap. It Is 


difficult to say If this oocyst could be coneldered to 
belong to aiobldium allruthl * 





Die cysts la tlis ducdenuii src 0«3 to 1 m In size, 
ytllovisli \(lilt6 in colour sii4 We of two typesi file 
larger microgaietocytee la eeotloa, eeaeure 20?.0»JI5i0fl 
in Claneter) vhllc the soMzontf vhich are saaller k else, 
leaeure k dlaseter. the eyete la the jejunuo 

and lleuQ are also of tvo types, the aohlzonte aeasure 

I 

15S,0«J45.0 X llO,Ht5.0 (282.9 1 215.2) ^ “Iwogaw 
tocytee aeasure 2t1.5*3i5.01172.5-241.5 (286.25 1 210.25)^ 






DISOUSSION 


Earlier workers In India (Ray, 1949j iiharma, 1951'*52{ 
Rao and Hiregaudar, 1953-54 and ManJreJcar, 1954) have recorded 
the Incidence of Elaeria species in sheep and goats, Except 
for Sharma (1951*52), all the other workers have indicated 
the occurrence of Bimerla species in both the caprine and 
ovine hosts. During the course of the present survey eleven 
species of Eimeria were recorded from goats and of these, two 
species, E. ahsata and E. christenseni i have been recorded 
for the first time in this country* 

In order liof importance and high incidence, B. arlolngj 
l8 the most important species in goats followed by E, parya * 

E, nlnakohlyakimovae and E, faurei « The Ineldenoe of the 
other species was not so hl^ as in the above mentioned four 
species. 

It was uncommon to find pure infections of simple 
species of Elmerla in the goats. Quite often, more than one 
species was encountered In the same goat. As many as seven 
species, viz, B. arlolngi . B, crandallls . B, faurei . B, ^a* 
Quloaa * B, hawkensi . E. nlnakohlyakimovae and B, parya , vers 
found in a single host on more than one occasion* Mixed 
Infections with 5*3 species were <}.ulte common* 

Detailed records of the seasonal incidence of the 
various species of Eimeria In the goats were not obtained* 

It was, however, evident that humid and low temperature 
conditions favour a higher intensity of infection* B, arloinn!! 
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B, ^arya- i niaakohlyaklniovae and B. faurel have their 
maximum Incldenoe from Ootoher to i^ecemher* 

HoaesB (1942) recorded ^ ahsata (« B, ah-sa^ta) tu 
the Rooky hountalu hig-hom sheep and Bubseq.uetttly, thle 
species has also been recorded in the lambs of America 
(Smithf jDayie ft Bowman, 1960{ Smith ft Payis, 1961 and 
Leylne» Ivens, Smith ft Pavis, 1962), 'i’his species has now 
oeen found in the goats during the course of the present 
ouryey, B* ahsata was fcund on eight different occasions 
intermixed with other species* This species has some resem* 
blance to E. arloln^i « B, chrlstenaenl and B, crandallie . 

Xn its average size, ahsata Is subtly bigger than 
arlolttigi though in the character,3 of mlcropyle cap, 
oooystlc and sporooystlc residua, they resemble each other* 
The size of the oocysts of B, ahsata , recovered in the goat 
faeces, ranges from 38.5 - 40,0 x 28,0 - 28,8 (39*1 x 28*3)yu 
This range of size variation does not come close to the 
measurement given by Honesa (1942), hut comes within the 
range given by Pevlne, et (1962). B* ahsata differs 
from B. chrlstenaenl In the shape of the oocyst and spore- 
cyst and the length width ratio. The differences between 
orandallls and B« ahsata are in the size of the oocyst 
and sporpcyst and the nature of the mlcropyle cap. 

The dimensions of the oocysts of E, arloinal in 
goats has bean provided by many workers (Table yxi). The 




-58- 


measurement of the various e-tructurss to the oocysts have 
not been provided hy all workers, A fairly large nuaber 
of oocysts (503 oocysts) of B. arloingl have been studied 
and measured, A perusal of Table VII shows that the measure¬ 
ments fall vlthln the limits obtained by other workers, though 
the range of variation is much greater. The oocysts are not 
graded into one or more size groups. 

Levine et al. (1962) brought forth evidence to shov 
that the upper range in size of the oocysts of B. arloingl 
given by Christensen (1938) probably included oocysts of 
LS* ahsata . Luring the present study a range of size (?1,0- 
41,3 X 17.5-28.0 (31.1 X 22.6)^) similar to that given by 
Christensen (1938) was encountered. Large sized oocysts wore 
invariably obeei*ved closely and It was concluded that none 
of them belonged to ^ ^sata. It is thus evident that a 
lot of size variation Is possible in the oocysts of 
B. arloinsi . 

The polar cap in the oocysts of B. arloingl has been 
variously described as half moon-shaped, helmet-shaped 
catapult-shaped or flat to hemispherical In shape. It haa 
also been recorded that the caps are easily dislodged 
specially when kept for long duration in salt solution. It 
was, however, found that the caps are not easily dislodged 
and lost and that these can reiaaln intact and situ even 
when subjected to strong osmotic pressure in saturated 
salt solution for 2-6 hours. 




-59- 


YaJclmoff (1931) had described a nev/ species, JB, aettula . 

Dut Christensen (193B), Hardcastle (194-3) and Fellerdy (1956) 
synoaynlsedl it with arloingl . This was done toeoause the 
specific characters are variable and specially for the fact 
that oocysts ofE, arlolngi, which have lost the cap, could 
easily he confused for the alleged oocysts of E. aeaula . 

It Is, however, likely that the synonymy of E. aemula lies 
with B. faural rather than K. arlolnal (Levine, 1961). 

Mellklan (1955) said that B, arloingl la not a valid 
species and aynonymlsed It with 3, faure i. Ihls new point 
has not been accepted by most protoaoolo, 3 ists and arl o ingl 
and B, faurei are both to be regarded as valid species and 
infecting both the ovine and caprine hosts (Lotase, 1953J 
P.ysavy, 1954* Svanbaev* 1957; Krilov, 1961} Levine ^ al,, 

1962 ). 

Krilov (1961) believed that the forms of B. arlolnsl 
In sheep and the goats are xenodetaeB. Krilov's observation, 
however, Is open to criticism, in as much as, the acq.ulred 
Immunity of the experimental animals under his observation, 
does not appear to have been determined* 

^he oocysts of B* chrlstensenl have some resemblance 
with that of E. ahsata . The oocyst of E, orandallls has a 
sise variation which fells near the small sized oocysts of 

ftrlolaal and the oocysts of B* narva and B* nlaskohl.vakimovae « 
The mlcropyle cap in E* orandallls Is not well developed and 
hence liable to be missed. The presence of the cap, however, 
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let an important character by which this species could be 
differentiated from oarva and IS* ninaicohlyakimovaa 
besidee the shape of the oocyst. Lotae (1955) doubted the 
validity of B* crandallis but hevine et (1962) have 
established its individuality. During the course of the 
present work, E, crandallis had an incidence of 13*15?t 
and was invariably found mixed with other species. 

B. faurei is quite common with 54«1^ Infection* 

In its morphology and biological features, the desorlption 
tallies with those available in the literature, 

Christensen (1938) described B, granulosa for the 
first time from sheep but the description was Incomplete in 
certain respects* 'Xhe average sise of the oocysts available 
during the present survey are somewhat bigger than the 
measurements given by Christensen (193B). The sporulated 
oooysta have sporocystlo residua but these were not described 
by Chrietensen (1938)* 

hawkensl was recorded for the firat time in India 
(Hay, 1952) hut strangely enough this has neither been re¬ 
viewed nor accepted as a valid species by workers outside 
the country. In all probability the Inaoceslbllity of the 
only published account (abstract in the Proceedings of the 
Indian Science Conference) has been responsible fbr this 
state of affairs, 

Bay (1952) has given an important feature in the 
oocysts of B* hawkensl by which it could be differentiated 
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from the other known species. The polar cap is triaagular 
In shape and originates from the endocystio wall. In sise, 
hawkensl in the present collection appears somewhat 
higger than that of Ray (1952). Ihe aporulated oocysts have 
sporooystio residua hut oocystlo residuum is absent. Xhe 
sporooysts are ovoid to ellipsoidal, ifhe sporulatlon of 
the oocysts la complete in 24 hours at room temperature 
and prolonged Imueraion in saturated salt solution damages 
the polar cap causing artefacts and making it difficult to 
identify. 

Ihe oocysts of B* Intrloata was encountered only once 
In an adult goat. The morphology of the oocysts agrees 
closely with the description given by Christensen (1933). 

An oooystlc residuum is absent but sporooyatto residua 
are present. 

B, nlnakohlvakimovae la quite common In the goats 
exiamlned and the incidence ie The oocysts of 

B# nlnakohlvaklmovae fall into two groups> round and oval, 
and these are present in the ratio of 4t1. The round forms 
were originally placed in another speciesi via., B. aaloual 
by Yakimcff & Eestegaeiff (193 Ql) l^ut subsequent workers 
(Baloaot, 1935^ Becker, 19341 Christensen, 1938) consider 
these as varioRta of the oval form of E. ninakohlvakimovae . 
The examination of the present material shows that thsre is 
a gradation from the round to the oval forms* When such 
oocysts are fed to an experimental lamb, the resulting 
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orop of oooysts again show the same range of size variation* 

®he validity of B. pallida is not very clear. Sellerdy 
(1956> aynonymlzed it with B. parva hut Levine (1961) and 
Richardson ^ Kendall (1965) have considered It as a valid 
species, fhere are not many important points of difference 
between B. pallida and B* parva, from the biometrloal data 
available in the present study, the oooyets of B. parva are 
somewhat bigger than those of B« pallida , fhe only point of 
important difference between the two is the pale to colourless, 
fragile wall of B. pallida in contrast to the stronger, yellow¬ 
ish oocyst wall of B« parva * besides the indistlnot sporooystio 
residuum in B* p arva and its absence in B« pallida * In the 
present material, however, sporocystio residua appear to bo 
present in B* pallida but absent in B. parva , IChue, the 
characters of B. pallida and B* parva are not well differen¬ 
tiated • 

Oolour of the oocystio wall is a character which could 
show imperceptible variations and which is also subject to 
errors of vision* fhe original description of B* pallida by 
Christensen Cl953> does not mention about ihe presence or 
absence of sporooystic residua, Christensen (1958) had 
based his specific diagnosis on the colour and fragility 
of the oocyst wall. Since Levine (1961) describes the 
presence of indistinct spcroeystic residua ooeSsionaiiy in 
1* aarva and since the present material suspected to be 
gaLlida t has this feature, there is thus a possibility 
that g* pallida and ^ parva are synonyms. 




The aporulatiOQ of the oooysta of the various species 
hays heen determined under uniform ooatroXled conditions 
(Table IV). Sporulation time for B. ahsata . B. ohrleteneeni . 
and B. orandallla have been obtained as the same are not 
available in the published literature. 

It has generally heen assumed by many workers that 

Eimeria species ai'e common to sheep and goats, Experimental 

/ 

evidenceI however« Is not available in all oases. Baiomet 
(1932c) had failed to transmit B. ninakohlyakimovae from 
ovine to captrine host, Krilov (1961) failed to transmit 
S* arlotngi from sheep to goat and vlpe versa, I»otse (1957) 
believes that it is only an assumption that all the ten 
Species of Blmerla recorded in U.S.A, would affect both 
sheep and goats. 

The forms of Btmerla found in sheep and goats are mor- 
phologloally similar and it remains to be shown if these are 
different biological etralns or races. Krilov (1961) thought 
that B. arloinai in sheep is a different race. Krilov's (1961) 
failure to cross transmit 1. orloinal from sheep to oaprlne 
host is subject to the criticism that the oaprlne host used 
for demonstrating the biological raoes in B. arloingl wae 
actually one which presumably bad already picked up a similar 
infeotion in naturs and, henos developed resistance or immunity 
to reinfection. 

During the course of the present work it has been 
possible to transmit successfully B. faurel and alnakohlT* 
yahimovae from goat to young lambs. The infeotion of B. faurel 
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atid E, nlnakohlyaklatovae In the experimental lamhs vae clear 
out and normal. The life cycle of E, faurel Is not fully 
known. The prepatent period In the experimental lamb is 
12 days* The maximum output of oocysts is reached on the 
15th day and then is a steady decline upto the 22nd day or 
so. Subsequently» the output again goes up» reaching Its 
peak on the 25th day (Table IV). Then again the production 
of oocysts begins to fall and by the 52nd day, the output Is 
negligible. 

The maximum output of the oocysts on the 15th and 
25th days presumably corresponds to the formation of the 
first generation and second generation sohlBonta. The for¬ 
mation of the first generation aohizont and the subsequent 
gametocyte stages is completed by the 15th day when maximum 
number of oooysts are voided out. The formation of the 
second generation aohisont and the succeeding sexual stages 
presumably require another 8-10 days as Is evident by the 
Increased output of oooysts on the 25th day of infection. 

The production of oocysts deolines after the 25th day and falls 
off to a negligible level* The self limited life cycle is 
thus oov^leted in about 52 days in the absence of reinfection 
and there are only two generations of sohisonts* 

The produotion of oocysts and their morphological 
features are as normeO, as in a natural infection In goats. 

The age of the experimental lamb is each that It does not 
throw any light on the factor of age resistance. The use of a 
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very young animal free from prior natural Infection has 
evidently helped In estahllshlng cross-transmission of 
fauyel from goat to sheep. 

The life cycle of E. nlnakohlvaklmovae has been des¬ 
cribed by Baloaet (I932b) and Lotze (1954) In goat and sheep 
respectively* The prepatent period Is 15 days In lamb 
(Shumard, 1957) and 10-13 days in goat (Balozet, 1932b)* In 
the present experiment! when oocysts of E, nlnakohl.vaklmovae 
obtained from a goat were fed to a young Iambi the oocysts 
began to appear in the faeces on the 11th day* This shows 
the prepatent period to be 10 days and thus agrees with 
Balozet*s (1932b) observation In goat* Hence the prapatent 
period appears to be the same in both sheep and goat. 

The output of oocysts, which commences on the 11th 
day of infection! reaches its maximum on the 13th day of 
Infection and then It begins to fall. 

The production of oocysts and their morphology In the 
experimental lamb Is normal and a clear cut infection is es¬ 
tablished* This shows that E. olnakohlyakimoyae . which 
exists In morphologically similar forms In both caprine and 
ovine hosts. Is transmissible from goat to sheep* 

The validity of the genus Globldlua Is uncertain* £>f 
late, there is a tendency to relegate this paraalte to the 
synonymy of Eimerla (Relohenov & Oarlnl, 1937l Relohenow, 
1940, 1955* Pellerdy, 1960). I'ellerdy (1956, 1960) believes 
that the taxonomic status of Glcbldluei muet be sought among 
the Eimeria species and the classification of the latter 


should be suitably amended* 
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According to Pellerdy (i960) the ameaded generic 
dlagooBls given hy Henry & Masaon (1932) Is dubious and 
of no real value, ®ho large type ofiii oocyst associated 
with GHobldlum resembles closely the corresponding stage 
In different Elmerla species^ vla*» Intrlcata In sheep and 
goats; B» ponderosa Wetsel, 1942 end B, auperba Pellerdy, 

1955 Ic voe deer; B, seabra Henry 1931 In pig and B, sculpta 
Madsen, 1938 In hare. Similarly, the Olobldlal type of 
sohlzont has been found In B. bovis (Hammond et al*» 1944, 
1946), In B, parva (Kotlan, Pellerdy & Yersenyl, 1951) and 
ia S* seldell (Fellerdy, I960). 

There are, however, certain oharapteristics in the 
aiobldlal type of cysts \ditch sere not found In ilmeria species* 
<^lobldlum type of cyst has a definite cyst wall and the 
cysts are invariably embedded deep In the mucosa* The 'spores' 
or merozoltes in the Olobldium type of cysts are large and 
have Inclusions In. the form of refraotlle globldlum bodies* 

In the case of gllruthi at least, the echlsont and micro* 
gaemetoeyte type of cysts are found In the abomasum also 
while none of the stages of Bimeria have been found la this 
region of the gastrointestinal tract. There are thus certain 
characters which give acme degree of Individuality to the 
CHobidlum type of cysts* 

The histochemistry of the cyst wall in gllruthi 
reveals that it has a thick wall made up of elastln or 
elastic type of tissue. It is quite possible that a similar 
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vail la demonstrable in the fiitaerla type of schlzonts. 

This, however* remains to be shovn histochemically and 
histologically, 

The «spores" or merozoites in a gilruthi cyst 
are usually large end innumerable in number. If all of 
them are to be regarded as merozoites of ilimerla then 
0, gilruthl could cause severe pathogenesis by destroying 
the epithelium of the gastrointestinal tract. The aiobidiua 
type of cysts* hovever, are considered non-pathogenic. In 
sectioned material and macroscopically* the cysts of Q. 
gilruthl have been seen to have liberated the 'sporea'. 
Evidently* moat of them are unable to reach their site 
of predilection or they fall to establish themselves. 

An oocyst or oocyst-like structure in the case of 
natural infection vith &. gilruthl has been reported recently 
(Xevari & Iyer* I960), The size of the oocyst is given as 
144 X 100yU and the thick vail of oocyst has been described 
to be hyaline and eosinophilic* One oocyst* vhioh is unlike 
any of the knovn species of Elmer!a in goats* was found 
during the course of present vork. It is very difficult 
to say if the same has any conneotlon vith 0. gilruthl . 

During the course of present vork* the Olobidlal type 
of cysts were quite common in the abomasum and elsewhere in 
the gastrointestinal tract. The morphology and histology 
of these are similar to the olassioal descriptions of 




Flesch (1B83), Gilruth (1910), Chattoa C191«^» Soliman (i960) 
and Tewart & Iyer (i960). Whenever these G, gllruthi cysts 
were found, the tissue phases of Fimeria species, vdiich were 
present in the intestine, could easily be differentiated, both 
microscopically and macroscopioally. 

On the whole the nature of gilruthi continues to be 
doubtful, but at the same time, there is no strong justlfioa- 
tiott for associating it with Eimeria until some more could be 
known about the nature, biology and life cycle of this parasite 
in goats. 




SUHHAEr 




Summary 


A survey of the species of l^imeria in the goats has 
been carried out, A total of 243 goats have been examined 
and eleven species ofJRlmaxla. wei)e encountered. Out of 
these, E. ah sat a and E. ohristenaeni are new to the country* 

The other species are B, arloia/il . B. orandallie . B, faurei . 

E. granulosa . S, hawkensi . E.’ intrioata . B, ninakohlyakimovae . 
E. pallida and B. parya * 

The intensity of infection and the incidence of the 
different species has been analysed. E, arloingi., B, parva , 

E* niaakohlyakimovae and E. faurei are the commoner species 
in the goats. Infection with only one species of Eimeria 
are not common. The maximum number of species found In a 
single host is seven* In their seasonal incidencei the 
parasites are more prevalent during the months of October 
to December* 

The detailed morphology and bipmetry of all the eleven 
species of Eimeria has been determined* The sporulation 
time for all the species under uniform conditions, has been 
determined. The validity of E. pallida is (questionable* 

B, faurei and g, ninakohlyakimovae have been success¬ 
fully transmitted from goats to young lambs. This establishes 
their lack of host specificity for closely related hosts* 

B* faurei evidently has two generations of schizogony In 
self-limited life-cycle* E. ninakohlyakimovae is pathogenic 
to the young lambs* 




She tiioidence of Globldium allruttai ia 1:h.0 goats has 
beea surveyed. This dubious parasite is quite oonmon in the 
gastrointeatiaal tract of the goats and is fouad In 58.4496 
of the goats examined. The sohizonts and microganietooytes 
are found all over the small intestine and abomasum. The 
morphology and hlatochemietry of the cysts has been described 
and analysed, The validity of Q’lobldium gilruthl has' been 
discussed. This doubtful parasite has some resemblance with 
Eimerla species. Certain features of the cysts, like the 
inclusion of globldial bodies in the "spores", prominent 
cyst wall and the unknown llfe'-cycle, however, make It 
difficult to assign this patasite to Blmeria . 
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